Hereditary diffuse gastric cancer Page 3 astric cancer is a common cause of cancer-related death worldwide, leading to approximately 700,000 deaths per year. 1, 2 However, it is one of the less common types of cancer diagnosed in the United States, with an estimated 21,520 new diagnoses and 10,340 deaths in 2011 as reported by the National Cancer Institute. 3 One type of gastric cancer known as hereditary diffuse gastric cancer (HDGC) is relatively uncommon,
representing about 2% of all cases of gastric cancer. [4] [5] [6] [7] HDGC is a rare autosomal dominant genetic disorder typically caused by a CDH1 germline mutation, resulting in loss of function of the E-cadherin cell adhesion protein. 2, 7 Early detection of HDGC is difficult because the cancer is located submucosally. Consequently, prognosis is poor, mainly because there is lack of effective treatment for patients who become symptomatic.
Despite the rarity of diagnosis, the impact on the family may be quite dramatic, especially as multiple family members may be affected, and at a young age, because CDH1 gene mutations have a penetrance of about 75%. 4, 7, 8 However, a patient's diagnosis may be potentially lifesaving for other family members because genetic testing can be performed to detect the mutation, and then a prophylactic gastrectomy can be done, greatly reducing the risk of developing HDGC.
We herein describe the case of a Caucasian male of German-Russian ancestry carrying a CDH1
gene mutation who was diagnosed with HDGC. We report the results of his family members'
genetic testing and present a review of the current literature.
Case Presentation
A male patient, aged 56 years, from the midwestern United States, of Russian-German ancestry, The patient's symptoms worsened, and the evaluation continued. About three months after initial presentation, a computed tomography (CT) of the abdomen showed likely bowel obstruction at the level of the proximal descending colon, although colonoscopy was negative. During exploratory laparotomy, a significant stricture of the descending colon was found with thickening and induration of adjacent tissues (spleen, tail of pancreas, mesentery, and retroperitoneum). He underwent a left hemicolectomy. Due to significant edema at the splenic hilum, a splenectomy was also done. The gross specimen was 30 cm long with a circumference of 4.5 cm on one end and 11cm on the opposite end, narrowing to 2.5 cm in an area 9 cm from the 4.5 cm circumference end, with an attached 15 x 6.5 x 0.5 cm portion of the omentum and spleen.
Tissue pathology from the colon showed stage IV metastatic adenocarcinoma, grade III/III, possibly gastric, diffuse type with scattered signet ring cells ( figure 1A ) extensively involving the mesentery, colonic serosa (figure 1B), muscularis propria, submucosa with associated prominent fibrosis and collagenization (figure 1C), and omentum with focal involvement. There was no evidence of mucosal involvement, margins were negative, two small mesenteric lymph Post-surgical positron emission tomography (PET)/CT scan was negative for metastatic disease, but showed post-surgical changes and changes related to an abscess. The patient developed a subphrenic abscess secondary to complications of anastomotic failure accompanied by weight loss due to significant malnutrition. He underwent a bowel resection with ostomy. Interestingly, the pathology from this surgery did not show any malignancy; biopsy of the lymph nodes and omentum were negative. Repeat PET/CT after one month showed the abscess accompanied by gastric wall thickening.
Genetic testing for HDGC was suggested, as his mother had died of gastric cancer at age 51.
DNA sequencing results showed heterozygosity for the CDH1 gene mutation (CDH1 1003 C>T; arg335ter). Treatment options were entertained; however, it was determined that he was not a 
Genetic Testing of Family Members
Although this patient was diagnosed with a terminal cancer at an early age and his prognosis was poor, his advocacy for genetic testing led to potentially life-saving measures for his family members (figure 2). He was the only family member diagnosed and treated at our facility; all others were treated elsewhere. Therefore, only limited information is available; pathology for his family members is not available. His sister (age 50) and a brother (age 48) tested positive for the CDH1 gene mutation. Soon after, his sister underwent prophylactic gastrectomy; two sites of gastric cancer were found, and a diagnosis of poorly differentiated signet ring adenocarcinoma was made. At age 49, this brother was diagnosed with gastric cancer, but it is not known what decisions he made. Another brother (at the age of 48) was tested, but chose to not disclose the results.
The patient's son and daughter were also tested. His son was tested at age 25, and has the CDH1 gene mutation. At age 26, he was found to have multiple sites of cancer on a screening endoscopy and stomach biopsy. He underwent prophylactic gastrectomy, and the surgical pathology showed six T1a tumors. A T1a staged tumor is one that has invaded the lamina propria and muscularis mucosae. The daughter (age 24) also tested positive for the CDH1 gene mutation.
She had three screening endoscopies over 18 months, with all biopsies negative for malignancy.
She then underwent prophylactic gastrectomy at the age of 26, and the pathology was positive for gastric cancer; at least 25 surgical pathology specimens showed 32 sites of T1a tumor.
Discussion
The CDH1 gene is located on chromosome 16 and encodes E-cadherin. 9 ,10 E-cadherin is a calcium-dependent cell-cell adhesion protein that plays a role in the maintenance of cell differentiation and the normal architecture of epithelial cells, thereby functioning as a tumor suppression protein. 5, 8, 10, 11 Mutation in the gene results in decreased gene expression and loss of function of E-cadherin. This leads to abnormal morphogenesis and architecture of epithelial tissue, loss of cellular polarity and contact inhibition, unregulated growth, and invasion of adjacent tissue.
12,13
Approximately 50 distinct CDH1 mutations throughout the gene have been described. 2, 11, 13 In addition to mutations, DNA methylation of the CDH1 promoter has been observed and may completely deactivate the gene, decreasing expression of E-cadherin. 13 Another recent observation is that when E-cadherin expression is greatly decreased or absent, exon v6-containing CD44 isoforms are over-expressed. 14 Several CD44 isoforms are thought to play a role in malignant transformation. 14 In normal gastric mucosa, exon v6-containing isoforms are rarely expressed, but in pre-malignant and malignant gastric mucosa their expression increases.
14 Therefore, these isoforms could become biomarkers for detecting the development of cancer in gastric mucosa. Diffuse gastric cancer is one of two main morphological types of gastric cancer, with intestinaltype being the other. Although both are gastric cancers, they differ in many ways. In a study by Janssen et al, 17 58% of their population had the intestinal type of gastric cancer, while 26% had the diffuse type, and 16% were unclassifiable. There was no difference in the rates of diffuse gastric cancer between men and women; however, the rate of intestinal-type gastric cancer in men was twice the rate in women. 17 Within different age groups, the rates of each type of gastric cancer were consistent; however, in other studies it has been noted that diffuse gastric cancer is more predominant in younger patients, 18 with the average age of diagnosis being 40 years, which is considered an early onset for most cancers. 2, [6] [7] [8] [9] 13, 15, 16 Genetically, relatives of patients with diffuse gastric cancer have a 7-fold increased risk of developing gastric cancer, compared to the 1.4-fold risk in relatives of patients with the intestinal type. 18 The intestinal-type gastric cancer, most commonly found in the fundus, is generally well-differentiated due to preserved intracellular adhesion molecules causing the tumor cells to arrange in tubules or glands. 18, 19 Early detection and diagnosis of HDGC are difficult because it is mostly located submucosally, and distributed as discrete foci along the entire length of the stomach. 21 Currently, there are no reliable screening methods for early detection. Prognosis is generally poor, because this type of cancer is often found at a later stage, is more aggressive, and more difficult to treat. Advanced gastric cancer is not considered curable, so treatment is given for disease control and symptom palliation.
Due to the high risk of individuals with a CDH1 gene mutation developing HDGC, the difficulty in early detection, and the relatively early age of cancer onset, genetic testing availability can greatly impact a patient's family members. Recommendations regarding mutational analysis screening were made in 1999 by the IGCLC and are for those individuals with a minimum of two cases of diffuse gastric cancer in first and/or second degree relatives, with one diagnosis before age 50, or three or more confirmed cases with onset at any age. 10, 22 These guidelines were updated to include individuals with diffuse gastric cancer diagnosed before age 45 and individuals or family members diagnosed with HDGC and LBC or signet-ring colon carcinoma before age 50. 6, 10 The genetic testing is typically accomplished by denaturing high-performance liquid chromatography and automated DNA sequencing. It should be followed by genetic counseling to discuss the results, any risks based on the results, and options for cancer surveillance.
It may be distressing for family members who test positive for a CDH1 gene mutation, but they should be encouraged to share their results with family members, since genetic testing is available, and there are also IGCLC guidelines for the management of unaffected individuals.
These include endoscopic examinations with screening biopsies every six months starting at age 20. 22 Annual screening (mammogram and breast magnetic resonance imaging) for LBC beginning at age 35 is advised for female CDH1 mutation carriers. 10, 16 Our case had a family history of only one known diagnosed gastric cancer; whereas other reported cases had more extensive family histories with multiple family members diagnosed with gastric cancer. 8, 11, 23, 24 This shows the importance of informing family members about positive mutation results, since a thorough, informative family history can potentially lead to faster testing, diagnosis, and treatment.
Endoscopy as a surveillance option, however, is unreliable because often patients with normal endoscopy and negative biopsies who choose prophylactic gastrectomy will have multiple sites of diffuse foci of tumor during review of post-surgical specimens. 4, 6, 16 This may be due to the fact that an endoscopic biopsy may be taken too superficially and/or from a site where no cancerous foci are present or where many mucin-containing cells are located, causing the biopsy to be assessed as negative for cancer. Our case illustrates this limitation; family members had negative biopsies from screening endoscopies, but post-surgical gastrectomy specimens were positive for cancer.
Other approaches to early detection have been attempted. Chromoendoscopy and PET/CT have shown some potential for identifying early stage diffuse gastric cancer, however, both have limitations that prevent them from becoming an alternative to prophylactic gastrectomy. 7 Chromoendoscopy, the use of a certain stain combination to selectively visualize carcinomas during endoscopy, 2 had slightly better study results than routine endoscopy; 2 however, these have not been reproducible at other institutions, 25 and both stains have been withdrawn from clinical use due to possible embryotoxicity and carcinogenic potential. 2 PET scans can frequently be negative due to the mucin present in the neoplastic cells, 26 and endoscopic ultrasound has not been helpful in early detection. 6 Prophylactic gastrectomy is another form of management for individuals carrying a CDH1 gene mutation. This surgery may be a life-saving option because it eliminates the risk of developing diffuse gastric cancer and the need to undergo cancer surveillance methods that remain difficult and unreliable. 7, 8, 15, 27 However, despite the fact that the average age of onset of HDGC is about 40 years, total gastrectomy is usually only advised for those patients over age 20. Although gastrectomy provides a definitive treatment, it can involve significant morbidity and mortality.
The mortality rate ranges from 0%-7%, and almost all gastrectomy patients develop a significant morbidity. 2, 7, 16 However, a recent study examining the utility and safety of laparoscopic total gastrectomy showed that this technique decreased mortality and morbidity rates in their population, 7 thereby offering a potentially safer surgical option in the near future. counseling including a gastroenterologist, surgeon, dietician, genetic counselor, and specialist nurse. 6, 8 Patients should be well informed about potential surgical complications, postgastrectomy morbidities, and changes in diet that will likely occur, so they can make the most appropriate management decision.
In conclusion, HDGC is a rare inherited cancer, with one-third to one-half of cases due to a mutation in the CDH1 gene. Carriers of the mutation have an approximate 75% lifetime risk of developing HDGC. Surveillance by upper endoscopy is ineffective and unreliable; therefore, total prophylactic gastrectomy is advised after age 20. Though this procedure is life-saving, it has significant morbidities that require management by a multidisciplinary team. As our case highlights, an early, in-depth evaluation of family history upon presentation of certain symptoms could lead to earlier genetic testing and diagnosis, and an HDGC diagnosis should lead to prompt genetic evaluation of other family members followed by preventive measures, including surgeries in affected members, due to the high penetrance of the gene. 
